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, $r=\sin\theta/(1-\cos\theta)$ , $\psi$ ,
$\triangle_{sp\hslash ere}=\frac{(1+r^{2})^{2}}{4}(\frac{1}{r}\frac{\partial}{\partial r}(r\frac{\partial}{\partial r})+\frac{1}{r^{2}}\frac{\partial^{2}}{\partial\psi^{2}})$ ,
. , $F$ . ,
,
. no slip $( \Psi=\frac{\partial\Psi}{\partial r}=0(r=1))$ .
$\Psi(r, \psi, t)=\sum_{n}R_{n}(r)e^{-in\psi}$ ,
, .
$R_{0}(r, t)$ $=$ $(x-1)^{2}(x+2)a_{0}^{(0)}(t)+(x-1)^{2}(x+1)^{2} \sum_{m=1}^{M}a_{m}^{(0)}(t)T_{m-1}(x)$ ,
55
$R_{1}(r, t)$ $=$ $(x-1)^{2}(x+1)(x+2)a_{0}^{(1)}(t)+(x-1)^{2}(x+1)^{3} \sum_{m=1}^{\Lambda/I}a_{m}^{(1)}(t)T_{m-1}(x)$ ,
$R_{n}(r, t)$ $=$ $(x-1)^{2}(x+1)^{2} \sum_{n=0}^{\mathit{1}\vee I}a_{m}^{\langle\tau\iota)}(t)T_{n}(x)$ , $n\geq 2$ ,
, , $(r=0)$
. . Crank-Nicolson 2










$u= \frac{C}{2}\sin 2\theta$ ,
( 1). , $\theta$ , $C$
.
$C=68.0$ , 2
. 2 , , ( ),
( $\sim$ ), ( ) 3
. $u$ rotation 2
. , 2 2
, .
, 68 $0\leq C\leq 72$ , ,
, 02 $t=90.0$ ,
. $t=85.5\sim 90.\mathrm{O}$ (( ) $\rangle$
(( )2 $\rangle$ 3 . $\langle\cdot\rangle$ . ,
69.4 . ,
69.4 696 , 696
56
, 694
( 4). , $a$ ,
$t=78.0,84.0,90.0$ $A$
$A=a+b\exp(-ct)$ ,





$F(r, \psi,t)=$ $\Psi(r, \psi)t)-[\Psi(r,\psi)t)]$ ,
$F(r, \psi, t)$ $=Re[(f(r, \psi)+ig(r,\psi))\exp(i\omega t)]$ .
$C=70.\mathrm{O}$ $f(r, \psi),$ $g(r, \psi)$ ( 6),
,
. , ( $x$ ) (
$y$ ) , $(c_{x}, \mathrm{c}_{\mathit{1}/})=(-4.7\mathrm{S}7,3.685)$ , ( $g_{x\dagger}$ $c_{gy}$ ) $=$
$(0.2715, -6.571)$ , .
,
$\omega=Uk_{x}$. $- \frac{\beta k_{\mathrm{I}r}}{k_{x}^{2}+k_{y}^{2}}$ ,









, ( $\mathrm{B}$ ), ( $\mathrm{A}$), (
C) . , ,
, , $\dot{\mathrm{B}}$ ,
57
$\mathrm{B}$ $\mathrm{A}$ , $\mathrm{A}$ $\mathrm{B}$ , A , $\mathrm{A}$ $\mathrm{C}$ , $\mathrm{C}$
$\mathrm{A}$ , $\mathrm{C}$ . ,
,
. $\mathrm{A}:4.88-6.18Hz$ , $\mathrm{B}:8.79-10$ $.42Hz$, $\mathrm{C}:7.49-9.44Hz$ .
, , ,












, , , $\langle$ ,
. ,
$\mathrm{V}\mathrm{P}\mathrm{P}800$ , DCL .
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1: $u= \frac{c}{2}\sin 2\theta$ .
(a) (b)

















7: $f(r, \psi))$ $\text{ }$ $g(r,\psi)$ .
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